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OBSERVATIONS O N  VECTORS OF SCHISTOSOMIASIS MANSONI 
K E P T  OUT O F  WATER I N  T H E  LABORATORY. I.* 
Lours OLIVIER 
U. S. Department of Health, Education, and Welfare, Public Health Service 
National Institutes of Health,? National Microbiological Institute, Bethesda, Maryland 
Recently, the habits and seasonal cycles of Australorbis glabratus and Tropi- 
corbis centimetralis, intermediate hosts of S c h i s t o s o ~  mansoni, were studied in- 
tensively in the field in Brazil (Olivier and Barbosa, 1955a, b).  In the course of 
these studies, the observations of Barbosa and Dobbin (1952) concerning the abil- 
ity of A. glabratus to live out of water were confirmed and extended, and similar 
observations were made on T. centiwzetralis. In  conjunction with these field 
studies, the snails were also studied in the laboratory where the environmental con- 
ditions were more constant and under a measure of control and where individual 
snails could be observed for long periods of time. Some of the experiments were 
designed to determine how long the two vector species could live out of water in 
the laboratory and whether there are strain differences within the species with 
respect to their ability to do this. In  one group of such experiments, the snails 
were maintained without water in unglazed clay jars for long periods of time. The 
results of these experiments will be described here. 
MATERIALS AND METHODS 
Northeastern Brazil has a marked seasonal rainfall cycle (Olivier and Barbosa, 
1955a), and as a consequence, in addition to the permanent bodies of water, there 
are many temporary streams and pools which contain water only in the wet season 
which lasts from March or April to July or August. The schistosome vectors 
inhabit both temporary and permanent bodies of water; snails for the laboratory 
experiments were drawn from both types of habitats. 
The snails, whether collected from wet or from dry habitats, were always 
brought into the laboratory in metal cans without water. Snails collected from 
the water were tested for infection by isolating them in water one day after which 
they were held out of water in moist clay jars until used. Snails collected from 
dry habitats could not be tested for infection without wetting them; so they were 
left untested and were maintained in moist clay jars until used. All snails came 
from populations known to have a low prevalence of infection with S. wzansoni or 
other trematodes. The snails were always used within a few days after collection 
and no snail known to be infected was used. 
In all experiments, except Experiment 18, the snails were kept in unglazed clay 
jars about 15 cm. in diameter and about 7 cm. deep (Fig. 1 ) .  The jars were al- 
ways covered with loose fitting gauze lids, and in almost all cases, the jars con- 
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could l)e maintained at a relatively constant level ant1 tiieasured \vitli a hygrometer. 
In  all experiments. tlie snails \\.ere exaniinetl periotlically for vial~ility 1)y passing 
a strong beam of light through the shell in a darkened room. This was considered 
the lwst metliotl for judging the vialdity of tlie snails ~vitliout tlistur1)itig tlieni or 
putting them in water. The accuracy of the niethotl was testetl 1)y putting snails 
ill  water after they were examinetl in the light I)eani. The riietIio(1 provet1 to he 
reasonaldy accurate, but occasionally a tleatl snail was jutlgetl to I)e alive. In  a 
living snail retracted into the shell, the part of the shell occupietl 1)y the snail body 
is opaclue antl tlic free 1)ountlary of tlie foot niakes a sharp, straight line readily 
seen through the shell in transniittetl light. 111 tleatl stiails tlie free tiiargin of the 
ioot is not straight ant1 sharp, antl the part occupietl 1)y tlie snail I~otly is not uni- 
formly opaclue 1)ecause of shrinkage of tlie tissues away froni the shell or the for- 
tilation of gas atit1 fluitl \vitliin tlie I)otly after tleath. .As the snails tlrietl they re- 
FIG. 1. E X ~ ~ . ~ ~ I I I L . I I ~  I I ,  1 1 1  1 ) ( . t J ~ t , r .  1115.Z. s l ~ o \ v i t i ~  t l ~ c  t.l:iy j:ir :it~(l t l ~ c  pati it1 \vIlicll it 
was kept. :\ snl:tll :~tiiou~it 1 1 i  \v:itcr in tlic pan kept the hottorn (pi the jar Ivrt :ct all times. 
The gauze covcr iz  not sli(~\vn. 
tractctl farther atit1 farther into tlie shell, ant1 it l~ecame increasingly tlifficult to 
tained nothing but the snails. 111 Experiments 9 antl 18, tlie snails \\ere main- 
tained on satitl. 
All ex~)eri~iietits were cotitluctetl at 1al)oratory temperature \vhich varietl little. 
Dtiritig tlie tlry season the te11il)erature rangctl from 27 to 30' C., \vhile during the 
remainder of the year tlie range was from 2.5 to 28' C. The relative litilnitlity of the 
1al)oratory was more varial)le, Ilut it usually rangetl from 6.5 to 7.5 percent during 
tlie dry season and from 75 to 90 percent in the \vet season. 
I n  certain experilnents, tlie jars \Yere kcpt on tlie 1al)oratory I)cnch top, and the 
temperature atit1 humidity contlitions for these experiments were approximately 
those of tlie Ial~oratory. Tn other experin~ents, the jars \\-ere set in pans of water 
\vliicli raisetl tlie relative humitlity ~vitliin the jars to W9.i percent. In  still other 
experiments, tlie jars were placetl in large wooden cabinets where the humidity 
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recognize dead snails. Therefore, in some of the experiments, groups of snails 
were tested in water and then destroyed while, in other instances, all survivors were 
tested in water at the end of the experiment (the water test). 
EXPERIMENTS WITH SNAILS COLLECTED FROM THE 
WATER O F  NATURAL HABITATS 
Eleven experiments were conducted with A. glabratus and T. centimetralis col- 
lected from the water. Some were taken from permanent pools or streams and 
others were collected during the rainy season from temporary bodies of water. 
T. centinzetralis ranged from 2 to 10 mm. in diameter and the A. glabratus from 
10 to 24 mm. Results of the experiments were presented in Table I. 
EXPERIMENTS WITH SNAILS COLLECTED FROM DRY 
NATURAL HABITATS 
Snails collected from dry natural habitats were studied in 6 experiments. In 
each case the snails were from protected locations in vegetation and debris at the 
ground level. The T. centimetralis came from tussocks of Cyperus ligularis L. in 
a field in Salgadinho, Recife (see Olivier and Barbosa 1955b). They were rela- 
tively dry when collected and were usually retracted into the shell about one-half 
of the terminal whorl. In  both 1953 and 1954, the field dried in September and 
remained dry until the beginning of the following rainy season which began in 
April. The A. glabratus were from a meadow near Paulista, Pernambuco (see 
Olivier and Barbosa 1955a). They were collected from a dense mat of moist 
vegetation and plant debris. Coming from su,ch a humid environment, they were 
not severely dehydrated, and most of the snails were retracted only about one 
quarter of the terminal whorl. S3me had, in the unoccupied portion of the shell, 
very thin and extremely fragile membranes. These were always incomplete, but 
some had more than one. Their efficacy in protecting the snails against water 
loss is unknown. The habitat from which the A. glabratus came died in Novem- 
ber, 1954 and remained without standing water until April, 1954. All the snails 
used in these experiments may be considered to be the survivors of much larger 
populations present before the habitats dried. The. T. centimetralis were all 5 to 
8 mm. in diameter, and the A. glabratus were 25 to 31 mm. 
The results of these experiments are presented in Table 11. 
COMPARISON BETWEEN TWO STRAINS OF A. glabratus KEPT OUT OF 
WATER UNDER IDENTICAL CONDITIONS 
In  a further experiment designed to determine whether there are strain differ- 
ences with respect to the ability of the snails to survive out of water, two strains of 
A. glabratus were kept out of water u.nder identical conditions, and their survival 
patterns were compared. Three experiments were conducted using snails from 
Paulista, Pernambuco and from Salvador, Bahia. The snails from Paulista were 
taken from a temporary pool. The snails from this locality were known to be able 
to live out of water for long periods under certain conditions (see Experiments 15, 
16, and 17; Barbosa and Dobbin, 1952; and Olivier and Barbosa (1955a, 195513). 
The snails from Salvador were collected from the Dique de Toror6, a lake within 
the limits of the city. This body of water never dries up, and its level does not 
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fluctuate to any great extent. The capacity of these snails to survive out of water 
was not known when the experiments were begun. On the day of collection, the 
Salvador snails were packed in moist leaves and carried to Recife by air courier 
in the plane cabin. On arrival in Recife they were placed in large holding tanks, 
and the experiments were begun within two days after their arrival. 
Experiment 18. 
In  the first of these experiments, 200 snails from each locality were used. The 
Paulista snails ranged from 15 to 25 mm in diameter (average, 19.3) while the 
Salvador snails ranged from 6 to 13 mm in diameter (average 8.9). All the snails 
were placed on the su.rface of moist sand in shallow clay jars having a diameter of 
about 31 cm. The snails were covered with a thin layer of dry leaves and set 
aside on the laboratory bench top. The sand soon dried and no moisture was 
added. After 10 days, 100 snails from each group were tested in water. Of the 
Paulista snails, 89 were alive while only 56 of the Salvador snails were alive. After 
36 days, the remaining snails were tested in water and 52 Paulista siiails and 3 
Salvador snails were alive. 
Experiment 19. 
In  another experiment 50 snails from each locality were held at 70 to 80 per- 
cent r.h. The Paulista snails ranged from 19 to 26 mm in diameter, and the Salva- 
dor snails were about the same size and apparent age, ranging from 17 to 26 mm 
in diameter. The Paulista snails went 92 days without a death while half of the 
Salvador snails were dead in 22 days, and all were dead in 77 days. Twelve per- 
cent of the Paulista snails lived 285 days (water test). 
Experiment 20. 
In  another experiment, almost identical with the preceding one, the snails were 
of approximately the same size, and the experiment differed from the other only in 
that there were 191 snails from Paulista and 200 from Salvador, and the humidity 
was 85-90 percent. The death losses were almost the same as those observed in 
Experiment 19. Ninety-six percent of the Paulista snails lived 131 days, 61 per- 
cent 205 days, and 4 percent 285 days. The Salvador snails died much more 
rapidly. Fifty-one percent lived 33 days and only 3 percent lived 77 days. 
DISCUSSION 
Numerous workers have observed that certain fresh-water pulmonates can 
survive out of water, sometimes for long periods. Some of the literature on this 
subject was reviewed recently in a paper dealing with the seasonal cycle of A. 
glabratus in Northeastern Brazil (Olivier and Barbosa, 1955a). 
Several accounts of experiments with fresh-water snails are comparable with 
those that have just been described. Shadin (1926) kept two species of Lymnaea, 
three species of Planorbis, and Aplexa hypnorum out of water in the laboratory. 
He  found that all could live out of water and that a specimen of L. palustris lived 
79 days and a specimen of P. planorbis 59 days. Ross and McKay (1929) found 
Lymnaea brazier; died rapidly if it crawled out of the water. Kolpakov (1929) 
tested a number of pulmonates in the laboratory and found that Planorbis corneus 
could live as many as 113 days out of water, that P. vortex coud live 92 days, and 
that P. planorbis 91 days. Patzer (1927) and Mehl (1932) found that Lymnaea 
truncatula would live only a very short time in jars in the laboratory although it 
might live up to 4 to 5 months out of water under field conditions. 
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Archibald (1933) found that prolonged desiccation was fatal for the schisto- 
some vectors in the Sudan, but that slow drying was better tolerated than rapid 
drying. Gordon, Davey, and Peaston (1934) found that Biomphalaria pfei feri  
survived only a few days out of water in the laboratory, and they believed that snails 
collected from the water and suddenly subjected to drying did not live as long as 
those gradually acclimated to drying. Barlow (1935) concurred in this opinion. 
He also noted that Bulinus truncatus and Biomphalaria boissyi could live out of 
water in the laboratory for f0u.r and six months respectively. de Jesus and Mallari 
(1937) observed that Lymnaea philippinensis died in 16 days when kept out of 
water in the laboratory. 
Precht (1939) found that snails kept in the laboratory on blotting paper did 
not survive long, but that when they were kept in a relatively moist environment, 
Planorbis leucostoma with epiphragms lived a maximum of 800 days, P. corneus 
lived as many as 285 days, and P. planorbis lived 368 days. On the contrary, other 
species lived for only a relatively short time under the same conditions. 
Brumpt (1941) found that A. glabratus from Venezuela could live out of water 
in the laboratory for 50 days and concluded that this species resembles B .  boissyi 
of Egypt in its capacity to live out of water. Olson (1944) kept Stagnicola buli- 
moides techella in dry open dishes in the laboratory and some lived 158 days. 
The experiments described herein demonstrate clearly that the snail vectors of 
schistosomiasis mansoni in Northeastern Brazil may live out of water for long 
periods in the laboratory, but marked differences with respect to time of survival 
out of water were observed in the various experiments. 
T. centimetralis collected from the dry vegetation in Salgadinho lived out of 
water for 5 to 21 months, and the same species collected from the water in other 
localities lived over 99 days. On the contrary, the same species, collected from 
other localities, lived only a few days under essentially the same conditions. Some 
of these differences in survival time are probably attributable to uncontrolled vari- 
ables such as age and condition of the snails when collected and differences in the 
laboratory environment at the time of the experiments. For instance, the snails 
from Salgadinho probably survived well because they were the survivors of a much 
larger population and so may have been the most drought resistant portion of the 
snail colony there. But the over-all results suggest that strain differences among 
the snails from the different habitats may have been a highly important factor in 
determining how long the snails lived. The snails that survived least well came 
from permanent bodies of water in which the snails would have had little oppor- 
tunity to develop resistance to drying while those surviving best came from localities 
that dry annually and where the snails would have had opportunity to become 
adapted to this seasonal stress. 
The experiments with A. glabratus produced results similar to those obtained 
with T. centhtetralis. A. glabratus from the lake in Salvador and from the per- 
manent pool in Bairo Novo, survived only a relatively short time in the laboratory 
. without water. However, snails of the same species, collected from temporary 
pools in Recife and Paulista lived as many as 285 days under essentially the same 
conditions. Snails collected from the water in Paulista during the rainy season 
lived about as well out of water as did those collected from the same area during 
the dry season. When the snails from Salvador and Paulista were compared 
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the differences in their ability to survive out of water were very obvious. (Figure 2.) 
These results with A. glabratus strongly suggest that there are marked strain 
differences with respect to the ability of these snails to survive out of water. 
Apparently, the Arruda and Paulista snails, living in habitats that dry annually, 
have acquired the ability to survive out of water while the snails in the other two 
habitats, which do not dry annually, are less able to survive under these conditions. 
I t  should be emphasized that in no experiment described herein was the rela- 
tive humidity of the environment very low. Moreover, maintenance of the snails 
in clay jars tended to keep down air circulation about the snails and so probably 
provided added protection against rapid water loss. Therefore, the experiments 
were not tests of the ability of the snails to withstand desiccation but rather tests 
of their ability to survive out of water at relatively high humidity. Nevertheless, 
_ _ _ _ _  ,, Arrudo,  Recife 
- I ~ o i r o  Novo, Olindo -.- * 
Solvodor 
T I M E  I N  D A Y S  
FIG. 2. Survival of Australorbis glabratus out of water in clay jars under laboratory 
conditions. 
The numbers on the curves refer to the numbers of the experiments mentioned in the text 
and m the tables. 
Experiments 10 and 11. Snails from the water in Arruda, Recife, a locality which dries 
annually. 
Experiments 12, 13, and 14. Snails from the water in Bairo Novo, Recife, a locality 
which never dries. 
Experiments 15, 16, and 17. Snails collected from a dry habitat in Paulista, a locality 
which dries annually. 
Experiments 19 and 20. Snails from the water in Paulista (a) a locality which dries 
every year and from a lake in Salvador (b) which never dries. 
survival out of water at all but the very highest humidities is accompanied by some 
water loss, and so even snails at fairly high humidities may lose water and become 
partially dehydrated if they live for long periods out of water. 
The fact that the schistosome vectors of Northeastern Brasil can live out of 
water in the field for long periods has been demonstrated previously (Barbosa and 
Dobbin, 1952 and Olivier and Barbosa, 1955a, 1955b). The demonstration that 
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they can survive for long periods out of water in the laboratory, and that there are 
probably strain differences with respect to their ability to do this, is new. This 
does not mean, however, that all A. glabratus and T.  centiwzetralis from Pernam- 
buco are similarly resistant to drying and the results of experiments 8, 10, and 
11 bear this out. For the same reason, one cannot conclude that all A. glabratus 
from Salvador survive poorly out of water. Study of the snails from other 
localities in Salvador would proba1)ly reveal strains with widely varying capabilities 
for survival out of water. 
SUM MARY 
Australorbis glabratus and Tropicorbis centi~tcetralis, both of which are vectors 
of schistosomiasis mansoni in Northeastern Brazil, were kept out of water in the 
laboratory. The snails were maintained without water in shallow, unglazed clay 
jars. Relative humidities ranged froin 70 to 95 percent. There was great varia-' 
tion in the length of time the snails survived but specimens of A. glabratus 
collected from dry habitats lived as long as 207 days and the same species collected 
from the water lived as many as 285 days. T. centimetralis collected from dry 
habitats lived as many as 14 months and the same species collected from the water 
to 109 days. 
There appear to be important strain differences within both species which 
determine, in part, their ability to survive out of water. Although some of the 
snails were able to survive long periods out of water, there was no evidence, in 
these experiments, that the snails withstand severe desiccation. 
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RESEARCH NOTE 
T H E  OCCURRENCE O F  AN O R N Z T H O D O R O S  TICK I N  MARYLAND 
On July 14, 1954, 21 specimens of Ornithodoros kelleyi Cooley and Kohls, 1941 were taken 
in a church in Chaptico, St. Mary's County, Maryland. This is the first record of this species 
and of the genus Ornithodoros in Maryland. 0 .  kelleyi was recorded previously from Colorado, 
Illinois, Iowa, Minnesota, New York, Pennsylvania, Wisconsin and Utah by Cooley and Kohls 
(1944, Am. Midland Naturalist 1: 113-117) and from West Virginia by Bequaert (1946, Entom. 
Am. n. s. 30: 131-132). 
This species has been reported to be strictly an ectoparasite of bats and two larvae of this 
species were found attached to the neck of two of several Myotis lucifugus lucifugus (Le Conte, 
1931) taken in this church. The nymphs and adults, however, were all removed from cracks 
and crevices in the brick wall of the church attic. 
In the laboratory the adults and nymphs fed to repletion on Myotis in one half to  two 
hours. They fed more readily in a darkened chamber than in the light. Some females ovi- 
posited and several hundred larvae hatched from these eggs. Nymphs of the collection, which 
fed, molted into succeeding nymphal stages or into adults. The larvae, however, did not readily 
feed on the bats in the laboratory. Only one larva attached and it was forcibly removed in 24 
hours after it had distended to several times its original size. This larva subsequently molted 
into the first nymphal stage and then into the second nymphal stage without another feeding. 
Further studies on the biology of this species are now in progress. 
Three other trips to this same locality resulted in the collection of the following specimens: 
9 adults, 2 nymphs, September 25, 1954; 14 adults, 10 nymphs, April 23, 1955; and 76 adults, 
43 nymphs, October 15,1955. 
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